EARTH SCIENCES
ToksOz theory showed that for a given fraction of clay-sized particles the ice content increases with an increase in porosity. It is concluded that the compressional-wave velocity for unconsolidated permafrost from the Canadian
Arctic is a function of the water-filled porosity, irrespective of the original porosity, clay content, or temperature.
INTRODUCTION
Over the past 2 decades a considerable interest has resulted in the exploration for and exploitation of the large mineral resources to be found in the Far North. Some 20% of the earth's dry land is covered with permanently frozen ground, or permafrost, including large areas of northern Canada and Alaska. It is therefore necessary to study the effects of permafrost on the interpretation of geophysical surveys performed in these areas. Interpretation of seismic reflection data, an important technique in exploration geophysics, depends upon seismic velocity-control, particularly in near-surface sediments. It is these sediments that often are in the permanently frozen state in the Far ~orth.
Problems associated with the interpretation of seismic and othergeophysical surveys conducted in areas where permafrost is present have been discussed by Scott et al. (1979) . A number of studies have demonstrated that the presence of ice in the pore spaces of sediments can result in large increases in seismic velocity over the case for which the interstitial water is unfrozen. Besides ground temperature, other factors infl uencing the fraction of ice formed in the pore spaces of sediments are the moisture content, the pore sizes and shapes, the pore-water chemistry, and the states of stress in the sediment and pore water. Theoretical aspects of these points have been discussed in considerable detail in a review prepared by Anderson and Morgenstern (1973) . Experimental studies of the factors referred to have been reported by Timur (1968) , Nakano et ale (1972) , Kurfurst (1976) , King (1977) , Pandit and King (1979) , King et ale (1982) , and King and Garg (1982) .
From his studies of elastic-wave propagation in a number of watersaturated sedimentary rocks at permafrost temperatures, Timur (1968) concluded that as the temperature was reduced below aoc in these rocks, ice formed -2 -first in the larger ·pore spaces and then in progressively smaller ones as the temperature was reduced still further. He ascribed this behavior to the progressively increasing interfacial forces asssociated with larger specific surface areas as the pore sizes became smaller, coupled also with the salinity ~ of the interstitial water. Nakano et al. (1972) , King (1977) , Pandit and King (1979) , and have observed behavior confirming Timur's hypothesis during measurements of elastic-wave velocities, complex electrical resistivity, and thermal conductivity on samples of natural permafrost and other water-saturated porous rocks at temperatures below aoc. Pandit and King (1979) have studied the effect of changes in pore-water salinity on the elastic-wave velocities and complex electrical resistivity of frozen, water-saturated samples of porous, sedimentary rocks. They concluded that an increase 1n salinity of the pore water decreased the ice content of the pore spaces at a given temperature below aOC,with the decrease most noticeable at temperatures below, but close to, aoc.
The results of a study to determine the effects of clay-sized particles on elastiC wave velocities in unconsolidated, water-saturated permafrost, are presented in this paper. In earlier studies, elastic wave velocities were measured by the author under contracts with the Geological Survey of Canada [Kurfurst (1976) ] and Panarctic Oils Ltd. [King et a1. (1982) . .
• -3 -THEORY An expression often used to calculate the fraction of ice contained in permafrost pore space is that proposed by Timur (1968) . This is the three- 
TEST SPECIMENS AND EXPERIMENTAL PROCEDURES
The thirty-seven permafrost samples were recovered in their natural, frozen state. After sealing in layers of polyethylene film or in plastic tubing, the samples were maintained in their frozen state (at a temperature of approximately _9°C after shipment) during shipment, storage, test-specimen preparation, and until they were tested under controlled-environmental conditions.
Test specimens were prepared in their frozen state following the procedures described by King (1977) , except that for these experiments the cylindrical specimens were ground 50 mm in diameter and approximately 50 mm in length. The test procedures employed were as described by King (1977) and Pandit and King (1979) , except that the specimens were subjected only to a ~ hydrostatic confining stress of 0.35 MPa (50 Psi) under drained conditions.
Earlier experiments with shales of high water content indicated a tendency for specimens to lose interstitial water when axial stresses were super- Compressional-wave velocities at frequencies in the range 500 kHz to 850 kHz were measured by a first-pulse arrival technique [described by King (1977) ] at ascending temperatures in the range _16° to +5°C, except for those specimens recovered from the Beaufort Sea for which the temperature range was _10° to _1°C [see for a full discussion of this series of tests]. Shear-wave velocities were also measured sequentially along with the compressional-wave velocities, but it generally proved Figures 2 and 3 are the porosity ~, particle size fractions, and, for five specimens, the fractional clay content. Figure 2 shows the result for specimens containing less than 40 % clay-sized particles; Figure 3 shows the results for those containing 40 % or more clay-sized particles. Descriptions of the Mackenzie River samples and some Vp measurements have been reported by Kurfurst (1976) . Descriptions of the Beaufort Sea samples and Vp measurements have been reported by ..
In all cases the pore spaces of the permafrost specimens were found to be completely occupied by ice and water at the start of the tests. Confir-mation was provided by noting bulk density before testing and the reduction in bulk volume and water content of each specimen after removal from the pressure cell at room temperature; typically the reduction in bulk volume was 3-4 S. O°C at which water in the pore space is unfrozen. The temperature depression for the unconsolidated sediments studied here is approximately lOCo· Similar behavior for shales has been reported previously by Timur (1968) and King (1977) 
